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Japanese Unexamined Patent Publication No. 
124879/1997 (Tokukaihei 9-124879) 

A. Relevance of the Above-identified Document 

The following is an English translation of 
non-English language information that may be relevant to 
the issue of patentability of the claims of the present 
application. 

B. Translation of the Document 

1. TITLE OF THE INVENTION 

REFORMED WATER ABSORBENT RESIN PARTICLES 
AND PRODUCTION METHOD THEREOF 

2. ABSTRACT 
[OBJECT] 

To obtain water absorbent resin particles whose 
breakability (fracture stress) and fragility of the particles 
at a time when mechanical shear stress is applied are 
improved. 

[MEANS TO SOLVE THE PROBLEMS] 

Water is added to water absorbent resin particles 
whose main composition is acrylic acid and/or acrylic acid 
salt and whose surface and vicinity thereof are 
cross-linked with heating by a cross-linking agent having 
more than two functional groups capable of reacting with 
the acrylic acid and/ or the acrylic acid salt so that water 
content ranges from 3 through 9%, the addition being 
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performed after the cross-linking. As a result, fracture 
stress of the particles become not less than 30N/m 2 . 



3. CLAIMS 

1. A method for producing water absorbent resin 
particles whose fragility is reformed, 

said method comprising the step of 

adding water to water absorbent resin particles 
whose main composition is acrylic acid and/ or acrylic acid 
salt and whose surface and vicinity thereof are 
cross-linked with heating by a cross-linking agent having 
more than ( two functional groups capable of reacting with 
the acrylic acid and/ or the acrylic acid salt so that water 
content ranges from 3 through 9%, 

said step being performed after the cross-linking. 

2. The method as set forth in claim 1, wherein an 
amount of water to be added ranges 2 through 15 wt% 
relative to a weight of the water absorbent resin particles. 

3. The method as set forth in claim 1 or 2, wherein 
inorganic salt and/ or inorganic hydroxide is included in 
the water to be added. 

4. The method as set forth in claim 3, wherein the 
inorganic salt is at least one selected from alkaline metal 
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salt, alkaline earth metal salt, and aluminum salt. 

5. The method as set forth in claim 3 or 4, wherein 
density of the inorganic salt relative to the water ranges 
from 5 through 50 wt%. 

6. The method as set forth in claims 1 through 5, 
wherein addition of the water to the water absorbent resin 
particles is performed in a stirring mixer having a stirring 
rotor. 

7. The method as set forth in claims 1 through 6, 
wherein fraction stress of the reformed water absorbent 
resin particles is not less than 30N/m 2 . 

8. Water absorbent resin particles whose fragility is 
reformed so that fracture stress of the particles is not less 
than 30N/m 2 , 

said water absorbent resin particles being obtained 
by adding water to absorbent resin particles whose main 
composition is acrylic acid and/or acrylic acid salt and 
whose surface and vicinity thereof are cross-linked with 
heating by a cross-linking agent having more than two 
functional groups capable of reacting with the acrylic acid 
and/or the acrylic acid salt so that water content ranges 
from 3 through 9%. 
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4. DETAILED DESCRIPTION OF THE INVENTION 
[FIELD OF THE INVENTION] 

The present invention relates to reformed water 
absorbent resin particles and a production method thereof. 
More particularly, the present invention relates to water 
absorbent resin particles whose breakability (fracture 
stress) and fragility at a time when mechanical power is 
applied are reformed by adding water to water absorbent 
resin particles whose surfaces have been cross-linked with 
heating so that water content is within a specific range. 
[PRIOR ART] 

It is general to use a water absorbing resin in a 
sanitary material such as a sanitary napkin, a disposable 
diaper, or the like. Examples of such water absorbent 
resin include a substantially water-insoluble cross-linked 
polymer such as cross-linked polyacrylic acid salt, 
self-cross-linked polyacrylic acid salt, cross-linked 
starch-acrylic acid salt graft copolymer, or the like. 
Recently, there has appeared a so-called 
surface-cross-linked water absorbent resin in which 
surface and vicinity thereof of water absorbent resin 
particles is cross-linked with heating by a cross-linking 
agent including not less than two functional groups 
capable of reacting with acrylic acid and/ or acrylic acid 
salt, so as to improve absorbent characteristics and gel 
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properties of these water absorbent resins. 
[PROBLEMS TO BE SOLVED] 

Although the surface-cross-linked water absorbent 
resin obtained through cross-linking with heating has 
higher absorbent characteristics and gel properties than a 
conventional water absorbent resin obtained through 
surface-cross-linking with non-heating, resin particles of 
the surface-cross-linked water absorbent resin become 
hard and fragile because cross-linking density at surfaces 
and vicinities thereof of the particles is high and 
percentage of water content of the particles is low due to 
evaporation of water in the course of cross-linking with 
heating. As a result, in a case where the water absorbent 
resin particles are used, namely, in a case of mechanical 
powder transportation by a screw conveyer, a spring 
conveyer or the like, of powder transportation by air 
pressure, of powder diffusion or supply by a screw feeder 
or the like, of spray diffusion by air pressure, or the like, 
there is a problem that: the water absorbent resin 
particles break because of collision between the particles, 
collision of the particles against side walls of machines or 
equipments, or mechanical friction and accordingly 
particle size distribution changes. Further, there is a 
problem that: breakage of the particles decreases the 
effect of surface-cross-linking,, or breakage of the particles 
produces fine particles which are the cause of dusts. 
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Further, there is a problem that: as the number of the fine 
particles increase, absorbent characteristics or gel 
properties drop. Therefore, in the all cases where a large 
amount of the water absorbent resin particles is used, 
solutions of these problems are desired. 
[MEANS TO SOLVE THE PROBLEMS] 

The inventors diligently studied so as to solve the 
problem. As a result of the diligent study, they found that: 
water is added to water absorbent resin particles after the 
particles are surface-cross-linked with heating and a 
percentage of water content is adjusted so as to be within 
a specific range, thereby obtaining particles having higher 
fracture stress, lower fragility, and more unbreakable by 
mechanical shear stress. As a result, the inventors 
completed the present invention. 

Namely, a method according to the present invention 
is a method for producing water absorbent resin particles 
whose fragility is reformed, the method comprising the 
step of adding water to water absorbent resin particles 
whose main composition is acrylic acid and/ or acrylic acid 
salt and whose surface and vicinity thereof are 
cross-linked with heating by a cross-linking agent having 
more than two functional groups capable of reacting with 
the acrylic acid and/ or the acrylic acid salt so that water 
content ranges from 3 through 9%, the step being 
performed after the cross-linking. Further, water 
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absorbent resin particles according to the present 
invention is water absorbent resin particles whose fragility 
is reformed so that fracture stress of the particles is not 
less than 30N/m 2 , the water absorbent resin particles 
being obtained by adding water to absorbent resin 
particles whose main composition is acrylic acid and/or 
acrylic acid salt and whose surface and vicinity thereof 
are cross-linked with heating by a cross-linking agent 
having more than two functional groups capable of 
reacting with the acrylic acid and/ or the acrylic acid salt 
so that water content ranges from 3 through 9%. 
[EMBODIMENTS OF THE INVENTION] 

Water absorbent resin particles according to the 
present invention are substantially water-insoluble resin 
(water absorbent resin) particles which absorb a large 
amount of water and swell when the particles are in 
contact with water so as to form hydrous gelatinized 
matter (hydrogel), and are water absorbent resin particles 
in which surfaces and vicinities thereof of the particles 
are cross-linked with heating by a cross-linking agent 
having not less than two functional groups capable of 
reacting with acrylic acid and/ or acrylic acid salt. Such 
surface-cross-linked water absorbent resin is not 
particularly limited. Examples of the water absorbent 
resin include: partially neutralized cross-linked 
polyacrylic acid whose surface is cross-linked; partially 
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neutralized self-cross-linked polyacrylic acid whose 
surface is cross-linked; cross-linked starch-acrylic acid 
salt graft copolymer whose surface is cross-linked; 
hydrolyzed cross-linked starch-acrylonitrile graft 
copolymer whose surface is cross-linked, vinyl 
alcohol-acrylic acid salt copolymer whose surface is 
cross-linked, hydrolyzed cross-linked acrylic acid 
salt-acrylamide copolymer whose surface is cross-linked 
or hydrolyzed acrylic acid salt-acrylonitrile copolymer 
whose surface is cross-linked; and cross-linked copolymer 
of surface-cross-linked acrylic acid salt and 
2-acrylamide-2-methylpropanesulfonic acid salt; and the 
like. Note that examples of salt as described above include 
sodium salt, potassium salt, ammonium salt, amine salt 
and the like. In consideration of water-absorbent 
characteristics of finally obtained water absorbent resin, 
the preferable example is cross-linked polymer of ethylene 
unsaturated monomer whose main component is acrylic 
acid and/ or acrylic acid salt, and are substantially 
water-insoluble water-absorbent resin particles whose 
surface is cross-linked with heating. Note that the scope 
of the present invention does not include water absorbent 
resin particles whose surface is cross-linked without 
heating by using a cross-linking agent (such as polyvalent 
metal salt) capable of reacting with acrylic acid and/or 
acrylic acid salt at room temperature. 
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The shape of the water absorbent resin particles is 
not particularly limited. Examples of the shape include a 
scale-shape, a block-shape, a rock-shape, a pearl-shape, 
and an amorphous-shape, and granulated materials 
thereof according to the difference in a production method. 
However, each of the examples is applicable. In 
consideration of realizing eminent effects of the present 
invention, preferable examples include the scale-shape, 
the block-shape, the rock-shape, and the 
amorphous-shape. Further, particle size or particle size 
distribution is not particularly limited. Generally, the 
particle size ranges from approximately 10 through 1000 
micron, preferably from approximately 100 through 850 
micron. The particle size distribution is not less than 90 
wt%. The average particle size ranges from 200 through 
700 micron. 

In the present invention, a cross-linking agent used 
to cross-link surfaces and vicinities thereof of the water 
absorbent resin particles is a cross-linking agent having 
not less than two functional groups capable of reacting 
with acrylic acid and/ or acrylic acid salt. For example, 
polyglycidyl ether compound, polyvalent alcohol compound, 
polyamine compound, or polyamine resin. Generally, in 
order to cause these cross-linking agents to cross-link 
acrylic acid and/ or acrylic acid salt of the water absorbent 
resin particles, heating is necessary. 
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Examples of polyglycidyl ether compound include 
ethylene glycol diglycidyl ether, propylene glycol diglycidyl 
ether, glycerin- 1 .3-diglycidyl ether, glycerin triglycidyl 
ether, polyethylene glycol diglycidyl ether, 1.6-hexane diol 
diglycidyl ether, and polyglycerol polyglycidyl ether. 
Examples of polyvalent alcohol compound include glycerin, 
ethylene glycol, diethylene glycol, propylene glycol, 
polyethylene glycol, polypropylene glycol, diethanolamine, 
and triethanolamine. Examples of polyamine compound or 
polyamine resin include: ethylene diamine; diethylene 
triamine; trietylene tetramine; tetraethylene pentamine; 
polyamide resin which is a compound of polyamine and 
fatty acid; polyamine epichlorohydrin resin, and 
polyamide polyamine epichlorohydrin resin. Preferable 
examples of the surface-cross-linking agent out of the 
above examples include a polyglycidylether compound; a 
polyvalent alcohol compound; and a polyamine compound. 
Further preferable examples include: ethyleneglycol 
diglycidyl ether; propyleneglycol diglycidyl ether; glycerin 
triglycidyl ether; glycerin; ethyleneglycol; diethyleneglycol; 
and polyamide polyamine epichlorohydrin resin. 

In the present invention, an amount of the 
surface-cross-linking agent to be used varies according to 
the kind of the cross-linking agent, the kind of water 
absorbent resin and degree of cross-linking thereof, 
performance target of restored water absorbent resin thus 
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obtained, and the like. Weight ratio of the water absorbent 
resin: cross-linking agent ranges from generally 100 : 0.01 
through 5, preferably 100 : 0.02 through 2, more 
preferably 100 : 0.05 through 1. When the ratio of the 
cross-linking agent is less than 0.01, the effect of 
surface-cross-linking is not realized sufficiently. On the 
other hand, when the ratio is more than 5, density of 
surface-cross-linking increases too much, with a result 
that an amount of absorption drops. 

In the present invention, the method for 
surface-cross-linking is not particularly limited and a 
conventional method is applicable as the method. 
Examples of the method include: a method in which a 
cross-linking agent is dissolved in a compound medium of 
an organic solvent and water, mixed with water absorbent 
resin particles, and cross-linked with heating; a method in 
which a cross-linking agent is dissolved in a water 
solution of a water-soluble compound, mixed with water 
absorbent resin particles, and cross-linked with heating; a 
method in which a water solution of a cross-linking agent 
is added to water absorbent resin particles in a high rate 
stirring state and cross-linked with heating. Note that 
mixture of a cross-linking agent solution and 
cross-linking with heating can be carried out in a single 
device at the same time. The present invention may be 
arranged so that the water absorbent resin particles are 
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cooled down after the cross-linking with heating. In any of 
the methods, it is general that water is necessary as a 
place for surface-cross-linking reaction. 

Conditions under which cross-linking with heating is 
performed are not particularly limited. However, in order 
to carry out an effective cross-linking reaction, 
temperature should range generally from 100 through 
200°C, preferably from 120 through 180°C. Heating time 
should range generally from 5 through 120 minutes, 
preferably from 10 through 90 minutes. In general, 
percentage of water content of water absorbent resin 
particles whose surfaces have been cross-linked under 
such heating conditions is not more than 2% because of 
evaporation of a reaction solution. Under some heating 
cross-linking conditions, percentage of water content is 
not more than 1%. 

In the present invention, an amount of water to be 
added to the water absorbent resin particles after 
cross-linking with heating is not particularly limited as 
long as percentage of water content of the finally obtained 
water absorbent resin particles ranges from 3 through 9%. 
It is general that an amount of water ranges from 2 
through 15 wt% with respect to weight of the water 
absorbent resin particles, it is preferable that the amount 
of water ranges from 2 through 12 wt%, and it is more 
preferable that the amount of water ranges from 3 through 
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9 wt%. When the amount of water to be added is less than 
2 wt%, fracture stress of the particles is hardly improved. 
Further, when temperature of the water absorbent resin 
particles after the cross-linking with heating is high, a 
large amount of the water having been added evaporates, 
with a result that the effect of the present invention 
cannot be realized. On the other hand, when water whose 
amount is not less than 15 wt% is added, fracture stress 
of the particles is not so improved that the improvement 
corresponds to addition of the water. Further, adding a 
large amount of water causes another problem that: a 
block-shape object may occur due to blocking between 
particles and accordingly particles having even percentage 
of water content cannot be obtained. Here, the amount of 
the water to be added is larger than an amount indicative 
of intended water content because: when water is added 
under a condition that temperature of water absorbent 
resin particles after cross-linking with heating is high, 
part of added water evaporates, and accordingly it is 
necessary to add more water so as to cover an amount to 
be evaporated. Therefore, when the water absorbent resin 
particles are cooled down after surface-cross-linking with 
heating, an amount of water to be added may be smaller 
than the case where the water absorbent resin particles 
are not cooled down. 

In order to prevent blocking of the particles in 
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adding water to the water absorbent resin particles, 
inorganic salt and/or inorganic hydroxide may be 
dissolved in water and added to the water absorbent resin 
particles. Examples of the inorganic salt include at least 
one kind selected from alkali metal salt, alkali earth metal 
salt, and aluminum salt. Examples of the inorganic 
hydroxide include aluminum hydroxide and magnesium 
hydroxide. 

Examples of the inorganic alkali metal salt include 
sodium chloride, sodium sulfate, sodium carbonate, 
sodium phosphate, sodium alum, potassium chloride, 
potassium sulfate, potassium carbonate, potassium 
phosphate, and potassium alum. Examples of the 
inorganic alkaline earth metal salt include calcium 
chloride, magnesium chloride, and magnesium sulfate. 
Examples of the inorganic aluminum salt include 
aluminum chloride and aluminum sulfate. Preferable 
inorganic salt is inorganic alkaline metal salt. Further 
preferable inorganic salt is sodium sulfate, sodium 
carbonate, sodium phosphate, and sodium alum. 

Density of the organic salt relative to water may vary 
according to the kind of the inorganic salt or to the 
amount of the water to be added. Generally, the density 
ranges from 5 through 50 wt%, preferably, the density 
ranges from 10 through 40 wt%. In a case where the 
density is less than 5 wt%, normal mixture hardly 
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prevents blocking in adding water. On the other hand, in a 
case where the density is more than 50 wt%, prevention of 
blocking does not increase prominently while absorption 
ability decreases. Therefore, the case is not preferable. 

In the present invention, it is preferable that 
addition of water to the water absorbent resin particles is 
performed in a stirring mixer provided with a stirring rotor. 
An example is such that: while water absorbent resin 
particles in the stirring mixer are stirred, water 
(alternatively, a water solution of inorganic salt) is 
sprayed or dropped. In the spray or drop, a predetermined 
amount of water may be added at once or partially. 

The stirring mixer provided with a stirring rotor may 
be a general mixer. Examples of the mixer include a 
screw-type mixer, a screw-type extruder, a turbulizer, a 
nauta mixer, a ribbon-type mixer, a double-armed kneader, 
and a double-armed multipurpose mixer. Note that the 
shape and the number (single or plural) of stirring rotor(s) 
are not particularly limited. It is general that the water 
absorbent resin particles obtained through adding water 
as described above are made into products without dry 
operation after the above operation. However, adjustment 
of percentage of water content or adjustment of particle 
size may be performed according to necessity. 

The water absorbent resin particles according to the 
present invention may be arranged so that: at any stage 
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from the surface-cross-linking stage to the product 
making stage, antiseptic, fungicide, bactericide, an 
oxidation inhibitor, a reduction inhibitor, a perfumery, a 
deodorant, inorganic fine powder (such as fine silica 
powder), anti-moisture-absorbent blocking inhibitor and 
the like are added. An amount thereof to be added is 
generally not more than 5 wt%. 

It is possible to control fracture stress of the water 
absorbent resin particles of the present invention through 
adjustment of water content by adding water. Percentage 
of water content of the resin particles ranges generally 
from 3 through 9%, preferably from 3 through 7%. 
Fracture stress of the particles measured by the 
later-mentioned method is generally not less than 30N/m 2 , 
preferably 30 through 100N/m 2 . In a case where water 
content is less than 3%, fracture stress of the particles is 
low, and accordingly fragility and breakability of the 
particles are not improved sufficiently. On the other hand, 
in a case where the water content is more than 9%, the 
particles are likely to aggregate under a condition that 
pressure is applied while storage or shipment. Therefore, 
it is not preferable. Further, in a case where the fracture 
stress of the particles is less than 30N/m 2 , mechanical 
strength of the particles is insufficient and the particles 
are fragile and breakable. As a result, in a case where the 
water absorbent resin particles are used, namely, in a 
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case of mechanical powder transportation by a screw 
conveyer, a spring conveyer or the like, of powder 
transportation by air pressure, of powder diffusion or 
supply by a screw feeder or the like, of spray diffusion by 
air pressure, or the like, there is a problem that: the 
water absorbent resin particles break due to collision 
between the particles, collision of the particles against 
side walls of machines or equipments, or mechanical 
friction and accordingly particle size distribution changes. 
Further, there is a problem that: breakage of the particles 
decreases the effect of surface-cross-linking so that 
absorbent ability or gel properties drops, or breakage of 
the particles produces fine particles which are the cause 
of dusts. 
[EXAMPLES] 

The following further explains the present invention 
with reference to examples and comparative examples. 
Note that the present invention is not limited to these 
examples and comparative examples. Water content, 
fracture stress of the particles, fine particle content, dust 
concentration, and absorbency against pressurewere 
measured by the following method. Breakability of the 
particles was measured by the following method. In the 
following explanation, % means wt% unless particularly 
defined. 

Water content: a sample of 5g was placed in a beaker 
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of 100ml and made even so as to be flat, and then placed 
in a non-circulating oven whose temperature was adjusted 
to be at 105°C. The sample was dried for two hours and 
cooled down to a room temperature, and then an amount 
having been reduced was measured. A ratio of the amount 
having been reduced relative to an amount of the sample 
before drying was regarded as water content (%). 

Fracture stress of particles: a sample whose particle 
size ranges from 400 through 500|i is compressed by 
using a creep meter (Sanden, Ltd.), and a value of stress 
at a time when the particles broke was obtained. The 
value was regarded as fracture stress (N/cm 2 ). 

Measurement of breakability of particles: a sample of 
lOOg was placed in a ballmill (having 5 poles) and rotated 
for 15 minutes at a rate of 150rpm. 

Fine particle content: there was provided a rotating 
and tapping type test equipment (Iida Manufacturing 
Company, Ltd.) having a JIS sieve of 140 mesh (opening is 
lOSp: diameter was 20cm) and a tray. A sample of 50g was 
put on the sieve of 140 mesh and vibrated for 5 minutes 
(number of vibration: 165 time/minute). A ratio of weight 
of particles having passed through the 140 mesh relative 
to weight of the whole sample was regarded as fine 
particle content (%). 

Dust concentration: a suction port of a suction bottle 
of one litter was connected with an inlet port of a digital 
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dust meter (Shibata Scientific Technology Ltd.) via a glass 
tube whose internal diameter was 7mm and whose length 
is 10cm. Water absorbent resin of 20g was dropped from 
an upper port of the suction bottle to the suction bottle 
via a funnel. The number of dusts produced for 1 minute 
included in the dropped water absorbent resin powder was 
measured by the digital dust meter and thus obtained 
value was regarded as dust concentration (CPM). 

Absorbency against pressure: water absorbent resin 
of O.lg was placed in a circular plastic tube (inner 
diameter is 30mm, height is 60mm) to a bottom face of 
which nylon net having 250 mesh was attached, and made 
even so as to be flat. A balance whose external diameter 
was 30mm was placed on the resin so as to be a load of 
20g/cm 2 . The plastic tube having the water absorbent 
resin therein was immersed and left in a plate (whose 
diameter is 12cm) containing physiological saline of 60ml 
so that the nylon net of the plastic tube faced downward. 
An increment in the water absorbent resin having 
absorbed the physiological saline was measured after 60 
minutes. Thus measured value was increased by 10-fold 
so as to be regarded as absorbency against pressure (g/g) 
relative to the physiological saline. 
Production Example 1 

Acrylic acid of 200g, methylenebisacrylamide of 0.3g 
as a cross-linking agent, and ion exchanged water of 600g 
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were mixed so as to obtain a polymerized monomer 
solution and thus obtained solution was placed in a 
polymerizing tank capable of adiabatic polymerization. 
Nitrogen gas was introduced in the solution so that an 
amount of dissolved oxygen in the solution was not more 
than 0.1 ppm and a temperature of the solution was 5°C. 
35% hydrogen peroxide solution of 0.03g, ascorbic acid of 
0.005g, and V-50 (azo catalyst produced by Wako Pure 
Chemical Industries, Ltd.) of O.lg were added to the 
solution. After 10 minutes, an increase in temperature 
indicative of the beginning of polymerization was 
confirmed and the temperature reached / the maximum 
reachable temperature. The solution was further left for 4 
hours, so that a gelatinized polymer was obtained. The 
gelatinized polymer of 600g was crushed by a small 
kneader so as to be small pieces, 50% NaOH water 
solution of 120g was added to the small pieces, and the 
small pieces were mixed evenly. The neutralized gel was 
dried by heated air and pulverized so that the particle size 
corresponded 20 through 145 mesh, thereby obtaining 
water absorbent resin particles (a). Etyleneglycol 
diglycidyl ether (product name: Nagase Chemicals Ltd, 
"DENACOL EX-810") of 0.6g had been dissolved 
beforehand in a mixture solution of water of 25g and 
methanol of lOg so as to obtain a surface-cross-linking 
agent solution. The water absorbent resin particles (a) of 
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60g was placed in a home juicer mixer whose capacity was 
two litter and, while stirring the water absorbent resin 
particles (a) at high velocity, the surface-cross-linking 
agent solution of 3.5g was added to the water absorbent 
resin particles (a) and mixed for 10 minutes. Thus 
obtained mixture was cross-linked with heating for 60 
minutes by a hot air dryer having been adjusted so that 
the air was at 140°C, thereby obtaining 
surface-cross-linking water absorbent resin particles (al). 
The water content of the (al) was 0.8%. 
Production Example 2 

Polyamide polyamine epichlorohydrin resin of 1.5g 
had been dissolved beforehand in a mixture solution of 
water of lOg and methyltriglycol of 5g so as to obtain a 
surface-cross-linking agent. While stirring the water 
absorbent resin particles (a) of 120g at high velocity, the 
surface-cross-linking agent solution of 3g was added to 
the water absorbent resin particles (a) and mixed for 10 
minutes. Thus obtained mixture was heated for 45 
minutes by a heated air dryer having been set so that the 
air was 130°C, thereby obtaining surface-cross-linking 
water absorbent resin particles (a2). The water content of 
the (a2) was 1.2%. 

Example 1 

The water absorbent resin particles (al) of lOOg were 
placed in a home juicer mixer whose capacity was two 
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litter and, while string the water absorbent resin particles 
(al) at high velocity, tap water of 4g was added and mixed 
for 10 minutes so as to obtain water absorbent resin 
particles (A) according to the present invention. An 
aggregate was not produced in mixture. Water content of 
the water absorbent resin particles (A) was 4.4%. Table 1 
illustrates results of measurements of fracture stress of 
particles, fine particle content before measurement of 
breakability, dust concentration before measurement of 
breakability, and absorbency against pressure before 
measurement of breakability. Table 2 illustrates results of 
measurements of fine particle content after measurement 
of breakability, dust concentration after measurement of 
breakability, and absorbency against pressure after 
measurement of breakability. 
Example 2 

The water absorbent resin particles (al) of lOOg were 
placed in a home juicer mixer whose capacity was two 
litter and, while string the water absorbent resin particles 
(al) at high velocity, a 20 % sodium alum solution of 6g 
was added and mixed for 10 minutes so as to obtain water 
absorbent resin particles (B) according to the present 
invention. An aggregate was not produced in mixture. 
Water content of the water absorbent resin particles (B) 
was 5.2%. Table 1 illustrates results of measurements of 
fracture stress of particles, fine particle content before 
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measurement of breakability, dust concentration before 
measurement of breakability, and absorbency against 
pressure before measurement of breakability. Table 2 
illustrates results of measurements of fine particle 
content after measurement of breakability, dust 
concentration after measurement of breakability, and 
absorbency against pressure after measurement of 
breakability. 

Example 3 

Water absorbent resin particles (C) according to the 
present invention were obtained in the same manner as 
the example 2 except that an amount of the 20 % sodium 
alum solution to be added was reduced to 3.5g. An 
aggregate was not produced in mixture. Water content of 
the water absorbent resin particles (C) was 3.3%. Table 1 
illustrates results of measurements of fracture stress of 
particles, fine particle content before measurement of 
breakability, dust concentration before measurement of 
breakability, and absorbency against pressure before 
measurement of breakability. Table 2 illustrates results of 
measurements of fine particle content after measurement 
of breakability, dust concentration after measurement of 
breakability, and absorbency against pressure after 
measurement of breakability. 
Example 4 

Water absorbent resin particles (D) according to the 
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present invention were obtained in the same manner as 
the example 2 except that the 20 % sodium alum solution 
of 6g to be added was replaced with 20 % sodium sulfate 
of 6g. An aggregate was not produced in mixture. Water 
content of the water absorbent resin particles (D) was 
5.3%. Table 1 illustrates results of measurements of 
fracture stress of particles, fine particle content before 
measurement of breakability, dust concentration before 
measurement of breakability, and absorbency against 
pressure before measurement of breakability. Table 2 
illustrates results of measurements of fine particle 
content after measurement of breakability, dust 
concentration after measurement of breakability, and 
absorbency against pressure after measurement of 
breakability. 

Example 5 

Water absorbent resin particles (E) according to the 
present invention were obtained in the same manner as 
the example 2 except that the water absorbent resin 
particles (al) in the example 2 were replaced with the 
water absorbent resin particles (a2). An aggregate was not 
produced in mixture. Water content of the water absorbent 
resin particles (E) was 5.6%. Table 1 illustrates results of 
measurements of fracture stress of particles, fine particle 
content before measurement of breakability, dust 
concentration before measurement of breakability, and 
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absorbency against pressure before measurement of 
breakability. Table 2 illustrates results of measurements 
of fine particle content after measurement of breakability, 
dust concentration after measurement of breakability, and 
absorbency against pressure after measurement of 
breakability. 

Comparative Examples 1 and 2 

In comparison with the water absorbent resin 
particles (al) and (a2), Table 1 illustrates results of 
measurements of fracture stress of particles, fine particle 
content before measurement of breakability, dust 
concentration before measurement of breakability, and 
absorbency against pressure before measurement of 
breakability. Table 2 illustrates results of measurements 
of fine particle content after measurement of breakability, 
dust concentration after measurement of breakability, and 
absorbency against pressure after measurement of 
breakability. 

Comparative Example 3 

The water absorbent resin particles (a) of 60g 
obtained in the production example 1 were placed in a 
home juicer mixer whose capacity was two litter and, 
while string the water absorbent resin particles (a) at high 
velocity, a cross-linking agent solution of 3.5g, having 
been obtained by dissolving ethyleneglycol diglycidil ether 
of 0.6g in a mixture solution of water of 25g and methanol 
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of lOg, was added and mixed for 10 minutes. Thus 
obtained mixture was heated for 60 minutes by a heated 
air dryer having been set so that the air was at 100°C, 
thereby obtaining surface-cross-linking water absorbent 
resin particles (a3) used for comparison. Water content of 
the water absorbent resin particles (a3) was 1.9%. Table 1 
illustrates results of measurements of fracture stress of 
particles, fine particle content before measurement of 
breakability, dust concentration before measurement of 
breakability, and absorbency against pressure before 
measurement of breakability. Table 2 illustrates results of 
measurements of fine particle content after measurement 
of breakability, dust concentration after measurement of 
breakability, and absorbency against pressure after 
measurement of breakability. 

Table 1 



(Abilities before measurement of breakability) 





water 


fracture 


fine 


dust 


absorbency 




content(%) 


stress of 


particle 


concentration 


against 






particles 


content(%) 


(cpm) 


pressure 






(N/m2) 






(g/g) 


Example 1 


4.4 


61 


0.6 


8 


34 


Example 2 


5.2 


68 


0.3 


5 


34 


Example 3 


3.3 


53 


0.5 


9 


35 


Example 4 


5.3 


70 


0.4 


6 


34 
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Example 5 


5.6 


73 


0.4 


4 


33 


Comparative 
Example 1 


0.8 


19 


0.5 


15 


36 


Comparative 
Example 2 


1.2 


22 


0.6 


17 


35 


Comparative 
Example 3 


1.9 


25 


0.5 


18 


35 



Table 2 

(Abilities after measurement of breakability) 





fine particle 
content (%) 


dust 

concentratiori(cpm) 


absorbency 
against pressure 

(g/g) 


Example 1 


0.9 


13 


34 


Example 2 


0.7 


11 


34 


Example 3 


1.1 


14 


35 


Example 4 


0.8 


13 


34 


Example 5 


0.9 


11 


33 


Comparative 
Example 1 


4.7 


82 


28 


Comparative 
Example 2 


4.4 


78 


27 


Comparative 
Example 3 


4.1 


71 


28 



The results of Tables 1 and 2 show that: the water 



Page 28 Tokukaihei 9-124879 

absorbent resin particles (A) through (E) according to the 
present invention obtained in Examples 1 through 5 are 
greatly improved in comparison with the water absorbent 
resin particles (al) through (a3) in that: the formers have 
larger fracture stress of the particles than the latters, 
have smaller increases in fine particle content and dust 
concentration after measurement of breakability than the 
latters, and have no decrease in absorbency against 
pressure. 

[EFFECTS OF THE PRESENT INVENTION] 

With the method according to the present invention 
and the water absorbent resin particles according to the 
present invention obtained by the method according to the 
present invention, the following effects can be obtained. 

1. The method according to the present invention 
allows for improvement of powder properties of water 
absorbent resin particles (fracture stress of particles) by 
an easy operation in which water is added to the water 
absorbent resin particles after surface-cross-linking with 
heating. 

2. Because the fracture stress of the particles is 
increased, it is possible to produce water absorbent resin 
particles whose breakability and fragility against 
mechanical shear stress are improved. 

3. As a result, in a case where the water absorbent 
resin particles are used, namely, in a case of mechanical 
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powder transportation by a screw conveyer, a spring 
conveyer or the like, of powder transportation by air 
pressure, of powder diffusion or supply by a screw feeder 
or the like, of spray diffusion by air pressure, or the like, 
there is little change in particle size distribution caused 
by collision of the particles with one another, collision of 
the particles with side walls of machines or equipments, 
or mechanical friction. 

4. Even when mechanical shear stress is applied, 
production of fine particles caused by breakage of the 
particles is little and production of dusts is rare. 
Therefore, there is no possibility that working 
environment worsens or a worker absorbs dusts, so that it 
is safe for the worker. 

5. Further, there is no decrease in absorbent ability 
or gel properties derived from impairment of the effect of 
surface-cross-linking caused by breakage of the particles. 

6. In consideration of the foregoing conditions, the 
present invention is particularly useful in producing 
disposable diaper by a drum forming method. The present 
invention reduces clogging of the water absorbent resin 
particles in a screen mesh or a punching plate used to 
laminate pulp/ absorbency resin particles. 

With the foregoing effects, the water absorbent resin 
particles according to the present invention obtained by 
the method according to the present invention are useful 
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in all cases where transportation, supply, and diffusion of 
the water absorbent resin particles are carried out, and 
particularly useful to produce water absorbent materials, 
sanitary materials (such as disposable diapers for children 
and adults, sanitary napkins, and incontinence pads) and 
the like using large amount of the water absorbent resin 
particles. With the water absorbent resin particles 
according to the present invention, a product with high 
ability can be obtained. 
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